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LOW PROFILE INK JET CARTRIDGE ASSEMBLY 

Field of the Invention: 

The invention relates to improved ink jet printhead assemblies and in 
5 particular to printhead assemblies having electrical contacts disposed on opposing 
side portions of a cartridge body. 

Background: 

Ink jet technology continues to be improved in order to increase printing 

10 speed and print quality or resolution. One means for improving print speed and 
quality is to increase the number of nozzle holes in an ink jet printhead and to 
decrease the diameter of the nozzle holes. An increase in the number of nozzle 
holes also increases a corresponding number of heater resistors on the printhead 
chip. With an increase in the number of heater resistors, there is also an increase in 

15 the number of conductors, circuit connections, and electrical contacts required for 
operating the printhead. A larger number of circuit connections to a chip often 
requires a larger chip surface area to make the connections. Accordingly, the 
number of conductors, circuit connections, and electrical contacts for operating a 
printhead determine the length and width of a flexible circuit used to make 

20 electrical connections between the printer and the printhead chip. 

Conventional ink cartridge designs make it difficult to increase the number 
of heater resistors and flexible circuit size without also increasing the width and 
height of the ink cartridge. The size of the flexible circuit establishes the 
minimum height and width of the cartridge body since the flexible circuit is 

25 attached to the cartridge. The ink cartridge height and width is an important factor 
in the design and physical size of the printer in which it is used. As the size of the 
ink cartridge increases, so also does the size and footprint of the printer thereby 
increasing printer cost and ability of consumers to use the printers in a variety of 
locations. 

30 There is a need therefore for improved ink jet cartridges which enable 

space-saving and cost-saving printer designs. 
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Summary of the Invention: 

With regard to the foregoing and other objects and advantages, the 
invention provides a low-profile ink jet cartridge assembly for an ink jet printer. 
The low profile ink jet cartridge assembly includes a substantially oblong ink jet 
5 cartridge body having a printhead side, opposing side surfaces attached to the 
printhead side and a length, a height, and a width, wherein the length is greater 
than the height and the width. A printhead containing a semiconductor substrate is 
attached to the printhead side of the ink cartridge. A flexible circuit having a width, 
a length, a first edge along the length thereof, a second edge along the length 

10 thereof, first printer contact pads along at least a portion of the length thereof 
adjacent the first edge, and second printer contact pads along at least a portion of 
the length thereof adjacent the second edge is electrically connected to the 
printhead. The portions of the flexible circuit containing the first and second 
contact pads are attached to the cartridge body on the opposing side surfaces of the 

15 cartridge body. 

In another embodiment, the invention provides a method for increasing a 
number of electrical contacts to an ink cartridge without significantly increasing a 
height dimension of the ink cartridge. The method includes providing a 
substantially rectangular ink jet cartridge body having a printhead side, opposing 

20 side surfaces attached to the printhead side and having a length, a height, and a 
width, wherein the length is greater than the height and the width. A printhead 
containing a semiconductor substrate is attached to the printhead side of the ink 
cartridge. A flexible circuit having a width, a length, a first edge along the length 
thereof, a second edge along the length thereof, first printer contact pads along at 

25 least a portion of the length thereof adjacent the first edge, and second printer 
contact pads along at least a portion of the length thereof adjacent the second edge, 
the first and second printer contact pads comprising a total number of electrical 
contacts is provided. The flexible circuit is connected in electrical communication 
with the printhead. The portions of the flexible circuit containing the first and 

30 second contact pads are attached to the opposing side surfaces of the cartridge 
body, wherein the total number of electrical contacts on the cartridge body is 
increased without significantly increasing the height of the cartridge body. 
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The invention provides a number of advantages over conventional ink jet 
printhead cartridge assemblies. For one, an ink cartridge having a reduced height 
is provided even for a printhead having an increased number of ink ejectors. The 
reduced height ink cartridge enables use of a printer having a smaller footprint. 
5 For purposes of this invention, an ink cartridge having a reduced height is referred 
to as a "low profile" ink cartridge. A "low profile" ink cartridge preferably has an 
overall length dimension greater than an overall height dimension thereof. 

Another advantage of the invention is that the ink cartridge may be inserted 
in a carriage in the printer by a single insertion motion. This motion simplifies 
10 alignment of the cartridge in the carriage and also provides a wiping motion for the 
electrical contacts thereby removing surface contaminants that may be present on 
the contacts. 

Brief Description of the Drawings: 

15 The above and other aspects and advantages of the invention will become 

further apparent by reference to the following detailed description of preferred 
embodiments when considered in conjunction with the accompanying drawings in 
which: 

Fig. 1 is a perspective view, not to scale, of a conventional ink cartridge; 
20 Fig. 2 is a perspective view, not to scale, of an ink jet printer using a 

conventional ink cartridge; 

Figs. 3 and 4 are schematic representations of inserting a conventional 
cartridge into an ink jet printer carriage; 

Fig. 5 is an exploded, perspective view, not to scale, of a low profile ink 
25 cartridge according to the invention; 

Fig. 6 is a partial cross-sectional view, not to scale, of a low profile ink 
cartridge according to the invention; 

Fig. 7 is a plan view, not to scale, of a printhead side of an ink cartridge 
according to the invention; 
30 Fig. 8 is a plan view, not to scale, of a flexible circuit for an ink cartridge 

according to the invention; 
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Fig. 9 is a side elevational view, not to scale, of a flexible circuit attached 
to a printhead according to the invention; 

Fig. 10 is exploded elevational view, not to scale, of a low profile ink 
cartridge and flexible circuit according to the invention; and 
5 Figs. 1 1 and 12 are schematic representations of inserting a low profile ink 

cartridge into an ink jet printer carriage according to the invention. 

Detailed Description of the Preferred Embodiments: 

A conventional ink jet cartridge 10 is shown in perspective view in Fig. 1. 

10 The ink cartridge 10 includes a cartridge body 12 having a printhead surface 14 on 
one end 16 thereof. The printhead surface 14 has attached to it a printhead 18, 
including a semiconductor substrate 22 and a nozzle plate 20 attached to the 
semiconductor substrate 22. The semiconductor substrate 22 contains ink ejection 
devices such as heater resistors or piezoelectric devices that operate to eject ink 

1 5 through nozzle holes 24 in the nozzle plate 20. 

In order to provide electrical impulses to the ink ejection devices on the 
semiconductor substrate 22, a flexible circuit 26 is attached to the semiconductor 
substrate 22. The flexible circuit includes a first end 28 attached to the printhead 
18 on the printhead surface 14 of the ink cartridge 10 and a second end 30 attached 

20 to a side surface 32 of the ink cartridge 10. Contact pads 34 are provided on the 
second end 30 of the flexible circuit for making electrical contact with a printer 36 
when the ink cartridge 10 is installed in the printer 36 as shown in Fig. 2. As 
shown, the flexible circuit 26 for a conventional ink cartridge 10 is bent around 
edge 29 of the ink cartridge body 12 to provide an electrical contact pad area for 

25 contact pads 34. 

The flexible circuit 26 generally has a natural 90 degree bend radius of 1 
millimeter due to its composition and thickness. Due to this bend radius, a 
distance 27 is required between the printhead 18 and an edge 29 of the ink 
cartridge body 12 in order to minimize stress between the flexible circuit 26 and 

30 the electrical connections attached to the semiconductor substrate 22. Also, the 
distance 27 between the printhead 18 and the edge 29 of the cartridge body 12 is 
critical to obtaining proper print media registration as rollers feeding print media 
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through a printer are positioned near the edge 29 of the cartridge body 12. Thus 
the ability to print near the edge of a print media is determined by the distance 27 
between the printhead 18 and edge 29 of the cartridge body 12. 

Other factors which determine the size of the flexible circuit 26 are the area 
5 required for a number and size of contact pads 34 and for the number and width of 
electrical traces 35 connected between the contact pads 34 and the semiconductor 
substrate 22. The width of the electrical traces 35 and the spacing between 
adjacent electrical traces 35 affects the electrical performance of the traces and also 
has an effect on the width of the flexible circuit 26 needed for containing the 

10 electrical traces 35 and spacing between the traces 35. Small width electrical 
traces 35 introduce unwanted energy losses into the system. 

The size of the flexible circuit 26 and area needed for attaching the flexible 
circuit 26 to the cartridge body 12 are factors in determining the size of ink 
cartridge body 12 to which it is attached. In the conventional ink cartridge shown 

15 in Fig. 1, all of the contact pads 34 are disposed on side surface 32 of the ink 
cartridge body 12 so that the contact pads 34 align with electrical contacts 38 on a 
printhead carriage 40 (Fig. 3). Printhead carriage 40 is operable to translate the ink 
cartridge 10 across the width of a print media during a printing operation. In order 
to accommodate the flexible circuit 26 having size constraints as described above, 

20 the conventional ink cartridge 10 has a height (HI), a length (LI) and a width (Wl) 
as shown in Fig. 1. Typical conventional ink cartridges 10 have a height ranging 
from about 40 millimeters to about 80 millimeters, a length ranging from about 40 
millimeters to about 60 millimeters, and a width ranging from about 28 millimeters 
to about 36 millimeters. 

25 A detailed schematic view of a conventional ink jet cartridge 10 being 

attached to a carriage 40 is shown in Figs. 3 and 4. For a conventional ink jet 
cartridge 10, the flexible circuit 26 and contact pads are on a side surface 32 
thereof so that the ink cartridge 10 is attached to the carriage 40 by slanting the ink 
cartridge 10 as the cartridge is inserted into the carriage 40 as shown in Fig. 3. The 

30 cartridge 10 is then rotated into a locked position on the carriage 40 so that the 
contact pads 34 are adjacent and in contact with electrical contacts 38 on the 
carriage 40. A latching device 42 is provided to maintain the cartridge 10 in a 
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predetermined position on the carriage 40. It will be appreciated that the carriage 
40 provides a force on the cartridge 10 in the direction of arrow 44. This force 
must also be sufficient to puncture contaminants on the surface of the contact pads 
34 and/or electrical contacts 38 so that suitable electrical contact is made between 
5 the ink cartridge 10 and the printer. 

From the foregoing description it is evident that in order to increase the 
number of contact pads 34 on the flexible circuit 26 without adversely affecting the 
electrical characteristics of the circuit, both the length and width of the flexible 
circuit 26 will have to be increased. Since the electrical circuit 26 is only attached 

10 to two adjacent side surface of the cartridge body 12, the height (HI) and width 
(Wl) of the cartridge body 12 will have to be increased to accommodate the larger 
flexible circuit 26. A larger cartridge body 12 requires a larger sized printer 36 to 
accommodate the larger cartridge body 12. In contrast, the invention enables an 
increase in the number of contact pads on the flexible circuit without significantly 

15 increasing the height or width dimension of the cartridge body as described in 
more detail below. 

Fig. 5 is a perspective exploded view, not to scale of a low profile ink jet 
cartridge assembly 50 according to the invention. The low profile ink jet cartridge 
assembly 50 includes a substantially rectangular ink jet cartridge body 52 having 

20 an open top cavity 54 defined by opposing side walls 56 and 58 attached to a 
printhead side 60 defining the cavity 54. The body 52 also has a length (L2), a 
width (W2) (Fig. 11), and a height (H2) associated therewith. However, the height 
(H2) of the ink cartridge 50 according to the invention is preferably less than the 
height (HI) of the conventional ink cartridge 10. In a particularly preferred 

25 embodiment, the height (H2) of the ink cartridge 50 according to the invention 
ranges from about 10 millimeters to about 30 millimeters. The width (W2) of the 
ink cartridge 50 preferably ranges from about 12 millimeters to about 16 
millimeters. The length (L2) of the ink cartridge 50 preferably ranges from about 
30 millimeters to about 40 millimeters. 

30 The ink cartridge body 52 component of the cartridge assembly 50 is 

preferably made of a first material selected from metals, plastics, glass, ceramics, 
and composites of two or more of the foregoing. More preferably the ink cartridge 
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body 52 is molded from a material selected from the group consisting of 
thermoplastic materials including but not limited to polyphenylene 
oxide/polystyrene alloys, polypropylene, acrylonitrile/butadiene/styrene 
terpolymers, polystyrene/butadiene alloys or copolymers, polyetherimide, 
5 polysulfone, polyesters and the like. A particularly preferred material for cartridge 
body 52 is a polyphenylene ether/polystyrene resin available from GE Plastics of 
Pittsfield, Massachusetts under the trade name NORYL SE1701 . 

The cartridge assembly 50 includes a pressure control structure 62 for 
providing a controlled ink pressure to a printhead attached to the printhead side 60. 

10 The pressure control structure 62 has a first surface 64 and a second surface 66 
opposite the first surface and a side surface 68 around the periphery thereof An 
aperture 70 extends through the pressure control structure 62 from the first surface 
64 to the second surface 66 thereof. The pressure control structure 62 is preferably 
made of a polymeric material, preferably a thermoplastic material selected from 

15 polypropylene and polyethylene materials. The most preferred material is 
polyethylene material having a melting point of about 120°C. 

A sealing structure 72 is provided on side surface 68 for forming a liquid 
tight and air tight seal between an inner surface 74 of opposing side walls 56 and 
58 and the side surface 68 of the pressure control structure 62. The sealing 

20 structure 72 preferably provides the liquid tight and air tight seal by purely 
mechanical means. Accordingly the sealing structure 72 may be selected from 
elastomeric materials and adhesives. A particularly preferred sealing structure 72 
is an elastomeric o-ring made from ethylene propylene diene monomer (EPDM). 
Regardless of whether the sealing structure 72 is an adhesive or elastomeric o-ring 

25 material, it is preferred that the sealing structure 72 be substantially chemically 
resistant to the components of ink used in the printhead assembly 10. 

As shown in more detail in Fig. 6, the pressure control structure 62 
preferably includes a peripheral groove 76 in the side surface 68 thereof. The 
groove 76 is preferably dimensioned to accept an o-ring or bead of adhesive as the 

30 sealing structure 72. In order to improve assembly between the pressure control 
structure 62 and the cartridge body 52, stops 78 or a ledge may be provided to limit 
the distance the pressure control structure 62 can be moved into the cavity 54. 
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A flexible film 80 is preferably melt attached to the pressure control 
structure 62 to control pressure in the cavity 54. The film 80 is preferably attached 
to close or otherwise cover the aperture 70 in the pressure control structure 62. 
The film 80 may be made from a wide variety of materials including, but not 
5 limited to, films that are compatible with the inks used in the ink printhead 
assembly 50 and films adaptable to welding or adhesive attachment thereof to a 
first surface 82 of the pressure control structure 62. Such films 80 include 
polyethylene films and polypropylene films having a thickness ranging from about 
1.5 to about 3 mils. 

10 A particularly preferred film 80 for controlling pressure in the assembly 50 

is a copolymer polypropylene material available from Triangle Plastics of Raleigh, 
North Carolina under the trade name CPP40. The copolymer polypropylene 
material may be laminated with an adhesive available from Minnesota Mining and 
Manufacturing Company of Minneapolis, Minnesota under the trade name 3M-845. 

15 It is preferred however, to use a non-laminated film 80 that is capable of being heat 
welded to the first surface 82 of the pressure control structure 62. Heat welding of 
the film 80 to the surface 82 may be accomplished by providing a pressure control 
structure 62 made from a polymeric material having a similar melting point to that 
of the film 80 or having a lower melting point than the melting point of the film 80. 

20 In a particularly preferred embodiment, the film 80 is preferably selected from a 
material having substantially the same melting point as that of the material of the 
pressure control structure 62. 

A cover 84 is preferably attached to the ink cartridge body 52 to protect the 
film 80 from damage and to provide additional sealing between the cavity 54 and 

25 the pressure control structure 62. The cover 84 may be heat welded, adhesively 
attached or snap fit to the ink cartridge body 52. 

With reference to Figs. 6 and 7, printhead side 60 of the ink cartridge body 
52 preferably includes a pocket or recessed area 86 for attaching a nozzle plate 88 
and semiconductor chip 90 thereto. The nozzle plate 88 preferably includes a 

30 plurality of nozzle holes 92 for ejection of ink therethrough toward a print media. 
The nozzle holes 92 may be provide in one or more arrays 94 along the length of 
the nozzle plate 88. An ink feed via 96 in the chip 90 provides a flow of ink to ink 
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ejectors on the chip 90. The ink ejectors may be selected from thermal or 
electromechanical type ejectors including heater resistors and piezoelectric devices. 

The cavity 54 of the ink cartridge assembly 50 may be filled with ink 
before or after attaching the film 80 to the pressure control structure 62. In the 
5 sequence wherein ink is inserted into the cavity before attaching the film 80 to the 
pressure control structure, the pressure control structure 62 is first inserted into the 
cavity 54. If the film is first attached to the pressure control structure 62 before the 
pressure control structure is inserted into cavity 54, then the ink is inserted into the 
cavity 54 before inserting the pressure control structure 62 into cavity 54. 

10 After the cavity 54 is filled with ink, the pressure control structure 62 is 

inserted into the cavity 54, and the cover 84 is attached to the cartridge body 52, a 
reduced pressure or back pressure is applied to the cavity 54, preferably through an 
opening in the ink cartridge body 52, to provide a predetermined pressure 
differential between cavity 54 and the nozzle plate/chip assembly 88/90. As ink is 

15 ejected through the nozzle holes 92, the volume of ink in the cavity 54 decreases. 
The pressure regulator structure 62 and film 80 are effective to maintain a 
predetermined pressure in cavity 54 as the volume of ink in the cavity 54 decreases. 
The pressure regulator structure 62 and film 80 also help to compensate for 
pressure changes in ink cavity 54 due to ambient temperature and pressure changes. 

20 In most instances, the predetermined minimum pressure or back pressure 
maintained in the cavity 54 ranges from about -80 to about -240 millimeters (mm) 
of water. 

A biasing device such as a coil spring, leaf spring, resilient foam or the like 
is preferably included in the cavity 54 to bias the film 80 away from the printhead 

25 side 60 of the cartridge body 52 in order to maintain a predetermined pressure on 
ink in the cavity 54. In an alternative embodiment, the biasing device may be 
disposed between the cover 84 and the film 80 to bias the film 80 toward the 
printhead side 60 of the cartridge body 52 in order to maintain a predetermined 
pressure in the cavity 54. 

30 An important feature of the invention is a flexible circuit structure 100 

shown in Figs. 8-9. The flexible circuit structure 100 has a width (WF), a length 
(LF), first and second edges 102 and 104 along the length (LF) thereof. First 
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printer contact pads 106 are provided along at least a portion of the length (LF) 
adjacent the first edge 102 thereof. Second printer contact pads 108 are provided 
along at least a portion of the length (LF) adjacent the second edge 104 thereof. 
Electrical traces 110 are provided on the flexible circuit 100 for providing 
5 connection to the semiconductor chip 90 through a window 112 in the flexible 
circuit 100. A side elevational view, not to scale, of the flexible circuit 100 
attached to a semiconductor chip 90 and nozzle plate 88 is shown in Fig. 9. 

During the assembly process for the ink cartridge 50, the flexible circuit 
100 is folded as shown in fig. 10 so that wing portions 114 and 116 can be applied 

10 to the opposed sides 56 and 58 of the ink cartridge body 52. The wing portions 
114 and 116 are preferably adhesively attached to the opposed sides 56 and 58 of 
the ink cartridge body 52. 

Referring now to Figs. 1 1 and 12, the ink cartridge 50 is preferably inserted 
in a carriage 118 that is attached to guide rails, such as guide rails 120 and 122 in 

15 the printer carriage area by a substantially parallel motion relative to the carriage 
118 as indicated by arrow 124. This motion is in contrast to the slanting and 
rotating motions required for inserting and securing the conventional ink cartridge 
10 to the carriage 40 as shown in Figs. 3 and 4. 

As the ink cartridge 50 is inserted in the carriage 118, electrical contacts 

20 126 and 128 wipe and mate with respective first and second contact pads 106 and 
108 on the ink cartridge 50. The wiping movement of the contacts 126 and 128 
with the contact pads 106 and 108 removes surface contaminants from the contacts 
and/or pads thereby improving electrical continuity between the printer and 
printhead 129 on the cartridge assembly 50. 

25 It will also be appreciated that electrical contacts 126 exert a force in the 

direction of arrow 130 on the first contact pads 106 while electrical contacts 128 
exert a substantially equal and opposite force in the direction of arrow 132 on 
second contact pads 108 thereby assuring electrical continuity between the printer 
and ink cartridge without the need for the latching device 42 as shown in Figs. 3 

30 and 4. A ribbon conductor cable 134 is preferably attached to the carriage 1 18 to 
provide electrical communication between the printer and the ink cartridge 50 
when the ink cartridge 50 is attached to the carriage 118. 
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In order to assure that the electrical contacts 128 and 130 are properly 
aligned with the first and second contact pads 106 and 108, alignment features are 
preferably provided on the carriage 118 and ink cartridge 150. The alignment 
features include, for example, alignment tabs 136 on the carriage 118 which mate 
5 with keyhole openings 138 in the flexible circuit 100. In the alternative, the 
keyhole opening 138 may be provided on the carriage 118 with tabs included on 
the cartridge 50 for mating the keyhole openings. Other alignment features may 
include, but are not limited to, guide rails and guide slots, and mating machined 
surfaces on the cartridge 50 and carriage 118. The design described above 

10 generally and advantageously enables use of a single motion for inserting the ink 
cartridge 50 into the carriage 118 rather than two motions such as an insertion 
motion and a locking motion required by a conventional ink cartridge. 

An important advantage of the invention is the provision of the first and 
second contact pads 106 and 108 adjacent opposing edges of the flexible circuit 

15 100. Since more surface area of the flexible circuit 100 is available for such 
contact pads 106 and 108 compared to a conventional flexible circuit 26 (Fig. 1), 
more contacts can be provided without increasing the width (WF) or length (LF) of 
the flexible circuit 100. This feature enables use of less surface area of the ink 
cartridge body 52 for attaching the flexible circuit 100 thereto. Less cartridge body 

20 52 surface area enables the use of cartridge bodies as described herein having the 
height (H2) which is less than the length (L2) thereof, i.e., a "low profile" ink 
cartridge assembly. 

The foregoing description of certain exemplary embodiments of the present 
invention has been provided for purposes of illustration only, and it is understood 

25 that numerous modifications, alterations, substitutions, or changes may be made in 
and to the illustrated embodiments without departing from the spirit and scope of 
the invention. 
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